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Process for f he production of aammQ-butvrolactQne 

The present invention relates to d process for vapour phase catalytic hydrogenafion 
of maleic anhydride to gamma-butyrolactone using a three-component catalyst 
connpositlon comprising copper-, zinc- and zirconium oxides. 

Gamma-butyrolactone (GBL) became industrially available In the 1940's as a result 
of the work of W. Reppe. 

The Reppe process starts from acetylene and formaldehyde to yield L4-butanediol 
(BDO), v/hich is dehydrogenated to GBL 

The main use of GBL is as an intermediate for pyrrolidone, N-methylpyrrolidone, 
N-vinylpyrrolidone, herbicides, ptiamnaceutlcals and rubber additives. 
In smaller amounts it is used as a solvent, mainly In the polymers field. 
After maleic anhydride (MA) price has lowered, due to new Industrial processes that 
use butane as a feedstock instead of benzene, fluldized bed and non-aqueous 
product recover/, this molecule is regarded as a building block for several deri- 
vatives. 

Hydrogenation of MA or its esters to GBL, tetrahydrofuran (THF) and BDO has been 
v^dely studied. 

Liquid phase hydrogenation of MA to GBL has been employed in commercial 
production, but never got great industrial importance. Vapour phase catalytic 
hydrogenation of MA or its esters to GBL has been disclosed in many patents, but 
did not reach industrial realisation. 

The only process that met industrial practice is diethylmoleate hydrogenation to 
produce BDO as disclosed in WO 86/03189. 

A similar process was disclosed for GBL production In WO 86/07358 but from the 
economical point of view direct hydrogenation of MA to derivatives must be 
preferred. 

Dunlop in US Patent 3 065 243 disclosed a process for hydrogenation of maleic or 
succinic anhydride or their esters to GBL in the vapour phase, using copper chromite 
as a catalyst, but conversion and selectivity were not satisfactory. Similar results 
were obtained using a copper-zinc oxide catalyst, as disclosed In British patent 1 
168 220. Miller in US patent 4 001 282 suggested the addition of water to Improve 
catalyst life by reducing tar fomnotlon, but did not mention improvements In 
conversion or selectivity. 

Noble metal based catalysts such as Cu/Pd and Cu/Pt were disclosed by De 
Thomas in US patent 4 105 674. 
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Cu/Zn/Cr catalysts were described by Miya In US patent 3 580 930 and Cu/Zn/Cr/AI 
catalysts by Attig in EP 332 140. None of ttiese processes have reactied Industnal 
application, probably because of not completely satisfactory results in terms of GBL 
yield, productivity or byproducts. 

Moreover it has to be pointed out that chromium containing catalysts should be 
avoided for environmental reasons. 

Recently a process has been disclosed by Taylor In WO 91/16132, concerning MA 
vapour phase hydrogenatlon over a Cu/Zn/AI catalyst activated at 400 - 525*C. 
Process conditions are also described to achieve commercial operation, but the 
need of high temperature activation is a disadvantage in terms of plant design and 
operation. 

The object of the Invention is to provide a process for the production of gamma- 
butyrolactone from moleic anhydride or succinic anhydride v^^hich exhibits a very 
high selectivity at an essentially quantitative conversion of the starting material 
without requiring noble metals or toxic compounds. A further object of the invention 
Is to provide a catalyst for this process v/hich is easy to prepare and maintains Its 
activity even after prolonged operation. 

The present Invention provides a process for the hydrogenation of maleic or 
succinic anhydride to GBL over a Cu/Zn/Zr catalyst. The Cu/Zn/Zr catalyst comprises 
a cotalytically active oxide material and optionally an essentially inert support. The 
catolytically active oxide material comprises a mixed oxide of copper, zinc and 
zirconium, the metals content of which is composed of 10 - 40 wt% of copper, 10 - 
40 wt% of zinc, and 30 -70 wt% of zirconium. Preferably the composition comprises 
20 - 30 wt% of copper, 20-30 wt% of zinc and 40-60 wt% of zirconium, in the active 
state, the cotalytically active oxide material may include some metallic 
comfDonents (e.g. metallic copper) formed in the activation step or during the 
hydrogenation. The catalyst composition Is therefore given in the form of an 
elemental weight ratio, which is not affected by variations of oxidation numbers. 

The catalyst con be prepared by coprecipitating a catalyst precursor from a mixed 
solution of water-soluble salts of copper, zinc and zirconium. Preferably the mixed 
solution is prepared by mixing on aqueous solution containing water-soluble salts of 
copper and zinc with on aqueous solution of a water-soluble zirconium salt. 
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The coprecipitatlon Is suitably accomplished by adding a solution of sodiunn 
hydroxide, sodium carbonate, ammonia, ammonium carbonate, or another 
suitable allcaline compound under stirring. Examples of the water-soluble salts of 
copper, 2nc and zirconium used as starting materials include halldes, nitrates and 
acetates. Preferably the corresponding chlorides (l.e., cupric chloride, 2inc chloride 
and arconium oxychloride) are used as starting materials- 

The copreclpitated catalyst precursor is recovered by filtration, woshed thoroughly, 
and dried, typically at about lOO^C. 

After drying, the catalyst precursor Is calcined preferably in air, . temperature of 
300-500*0. 

Typically, the calcination temperature is about 380**C. 

During calcination copper, anc and zirconium mixed oxides are formed and an 
essentially or at least partially amorphous state is maintained. 

The thus obtained mixed oxide is subjected to an activation treatment comprising 
gradually increasing Its temperature to about 350**C In the presence of a hydrogen- 
containing gas. For example, the hydrogen-containing gas in the activation 
treatment may be a mixture of hydrogen and nitrogen. After the activation 
treatment the catalyst is ready for use. Activation requires a time varying from 10 h 
to several days, depending on reactor size and design. 

Since catalyst reduction is an exothermic reaction, if a reactor does not provide on 

efficient heat removal the hydrogen-containing gas must be suitably diluted or the 

space velocity must be Increased to control exothermic peaks. 

Hydrogen dilution results In longer time in the exothermic phase of activation. Large 

adIalMtic reactors usually require the longest activation times. 

A vaporous mixture of a hydrogen containing gas and maleic anhydride or succinic 

anhydride or a mixture thereof is fed into a reactor packed with the above 

described catalyst. Optionally, the catalyst can be supported by an essentially inert 

support material. Suitable examples of essentially inert support materials include 

silica, alumina, silica-alumina compounds (e.g. mullite), silicon carbide, steatite, 

tltanio and arconia. 
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The molar ratio of hydrogen to anhydride in the feed Is preferably between 50 to 1 
and 500 to 1 and more preferably between 80 to 1 and 250 to 1. Low H2 to 
anhydride ratios result in tor formation and short catalyst life, 

The reaction temperature is preferably between about 200 and 300®C, and more 
preferably between about 230 and 280^C. 

The reaction pressure is preferably between about atmospheric and 80 bar, more 
preferably at about 1 to 20 bar. 

The voDorous mixture which is fed into the rGCic:\or nnn Kia nrf>nnrf!^H hv vnrv\ricinn 

._ _ , — , — — — ^ — , . 

the molten anhydride(s) in a stream of hot hydrogen gas. 

It is also possible to use a solution of the anhydride(s) in a suitable solvent. 
Advantageously, gamma-butyrolactone is used to dissolve the anhydrides. 
As it is known by those skilled in the art, temperature and pressure range In the 
hydrogenatlon reaction depend on the desired product mbdure. increasing 
temperature will result in the mix containing more THF, while Increasing pressure will 
yield substantial amounts of BDO. 

The following examples illustrate this invention in more detail. 
&cample 1 

Copper chloride dihydrate, zinc chloride and zirconium oxichloride were dissolved 
in water to give a mixed solution having a metal weight ratio of Cu: Zn:Zr of 25 : 25 : 
50. A NaOH solution was added under stirring; one mole of NoOH was used per 
mole of CI In the metolchlorides solution, plus a slight excess. The slurry was filtered 
in a filter press and the filter cake directly washed in the filtration apparatus and 
then dried in an oven for 12 hours at TOO**C. The catalyst was calcined In our at 
380**C for 24 hours. 



Example 2 

The catalyst preparation of example 1 was repeated using a solution with a metal 
weight ratio of Cu : Zn : Zr of 30 : 30 : 40. 
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Exomple 3 



The catalyst preparation of example 1 was repeated using a solution with a metal 
weight ratio of Cu : Zn : Zr = 35 : 35 : 30. 



The catalyst preparation of exompte 1 was repeated using a solution with a metal 
weight ratio of Cu : Zn : Zr = 20 : 20 : 60. 

gxamole 5 

The catalyst preparation of example 1 was repeated using a calcination 
temperature of 500°C for 3 hours. 



A 3 ml microreactor was packed with 2 ml of ground catalyst obtained in example 
1 . Catalyst activation was carried out employing a 5 vol% hydrogen in nitrogen gas 
mixture and following the temperature program reported in table I. 



Example 4 



Table I 



temperature CO 



time (h) 



from 25 to 175 
at 175 

from 175 to 225 
at 225 

from 225 to 275 
at 275 

from 275 to 325 
at 325 



2 



2 



2 



2 
5 
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After catalyst reduction the reactor was fed with a solution of 60 wt% of moleic 
anhydride (MA) in gamma-butyrolactone (GBL), vaporised by a hot H2 flow (85 nril / 
min at standard conditions) • 

Yields were determined by on-line gas chromatography. 

When 0.08 g/h MA were fed at 245^C conversion was 100%, GBL molar yield was 
98% and THF molar yield 2%. 



^xarpple^Z- 1? 

Example 6 was repeated with different catalysts, feed rates and temperatures. 
Results are reported in table II. 



Table II 



Ex. 


catalyst 


MA feed 


T 


GBL 


SA 


THF 


others 


MA 


No. 


from ex. 


la/h) 


rc) 


yield 


yield 


yield 


yield 


conv. 


7 


1 


0.19 


245 


56 


42 


2 




100 


8 


1 


0.19 


275 


97 


1 


2 




100 


9 


2 


0.08 


245 


99 




1 




100 


10 


2 


0.19 


245 


50 


40 






90 


11 


2 


0.19 


275 


94 


5 


1 




100 


12 


3 


0j08 


245 


76 


24 






100 


13 


3 


0.19 


245 


45 


35 






80 


14 


3 


0.19 


275 


85 


15 






100 


15 


4 


0.19 


275 


95 


2 


2 




99 


16 


5 


0.08 


245 


56 


43 


1 




100 


17 


5 


0.08 


275 


99 




1 




100 


18 


5 


0.19 


245 


48 


13 


1 




62 


19 


5 


0.19 


275 


78 


19 


1 


2 


100 



THF = tetrahydrofuran 

SA = succinic anhydride 

others = 03-04 alcohols and acids 

Yields and conversion ore expressed In mol %• 
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Claims: 

1. A process for the production of gomma-butyrolactone comprising cotalytically 
hydrogenoting moleic and / or succinic anhydride in a vaporous mixture with a 
hydrogen-containing gas In contact with a catalyst comprising a cotalytically 
active oxide material and optionally an essentially inert support, wherein the 
catalytically active oxide material comprises a mixed oxide of copper, inc and 
zirconium, the metal content of said mixed oxide being composed of 10-40 
wt% of copper, 1 0 -40 wt% of inc and 30 - 70 wt% of zirconium. 

2. A process according to claim 1 wherein the metal content of the mixed oxide of 
copper, zinc and zirconium is composed of 20 - 30 wt% copper, 20 - 30 wt% of 
zinc, and 40 - 60 wt% of zirconium, 

3. A process according to claim 1 or 2 wherein the catalytically active oxide 
material is prepared by coprecipitating a catalyst precursor from a mixed 
solution of water-soluble salts of copper, zinc and zirconium, washing and drying 
said coprecipitoted catalyst precursor, calcining the dried catalyst precursor at 
300 - 500*C and activating the thus obtained catalyst in a hydrogen-containing 
gas under activating conditions which comprise gradually Increasing 
temperature to a final temperature of about 350'*C- 

4. A process according to claim 3 wherein the water-soluble salts of copper, zinc 
and zirconium ore cupric chloride, zinc chloride and zirconium oxychloride. 

5. A process according to claim 3 or 4 wherein the catalyst precursor Is 
coprecipitoted by adding on aqueous sodium hydroxide solution to the mixed 
solution of water-soluble salts of copper, zinc and zirconium. 

6. A process according to any one of claims 1 to 5 wherein the molar ratio of 
hydrogen to anhydride in the vaporous mixture of the hydrogen-containing gas 
and the moleic and/or succinic anhydride is between 50 to 1 and 500 to 1. 

7. A process according to claim 6 wherein the molar ratio of hydrogen to 
anhydride is between 80 to 1 and 250 to 1 . 
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8. A process according to any one of clainns 1 to 7 wherein the hydrogenation is 
conducted at a temperature of about 200*C to 300*^0. 

9. A process according to claim 8 wherein the hydrogenation is conducted at a 
temperature of about 230**C to 280**C. 

10. A process according to any one of claims 1 to 9 wherein the hydrogenation is 
conducted at a pressure of alDout atmospheric pressure to 80 bar. 

11. A process according to claim 10 wherein the hydrogenation is conducted at a 
pressure of about 1 bar to 20 bar. 

12. A process according to any one of claims 1 to 1 1 wherein the vaporous mixture 
of the hydrogen-containing gas and the anhydride is prepared by vaporising the 
anhydride in a stream of hot hydrogen gas. 

13. A process according to claim 12 wherein the anhydride before vaporisation is 
dissolved in gamma-butyrolactone. 
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